INTRODUCTION
The Medical Research Council Project in Kisumu, Kenya is investigating the prevalence and incidence of arbovirus diseases and infections in man, animals and birds on the Kano Plain following the introduction of an irrigation scheme. A serological survey made in the area during 1969 indicated that there was considerable alphavirus activity but that the prevalence of flavivirus antibodies in man was low (Bowen et al. I973) . There was also variable activity by viruses of other arbovirus groups.
Most arbovirus serological studies in Africa have been made by haemagglutinationinhibition tests and the more specific mouse neutralization test. Since laboratory tests in mice are becoming increasingly expensive, a study was made to evaluate the sensitivity of in vivo and in vitro systems for measuring the neutralizing activity of antibody while at the same time comparing the effects of viruses in mice and in cell culture systems.
METHODS
Mice. I-to 2-day old and 3-to 4-week-old white mice of the random bred Porton strain were used.
Cells. The cell systems used, their media and sources are listed in Table I . Monolayers were grown overnight in Nunc 5 cm disposable plastic Petri dishes using 3 x io 6 cells in 5 ml medium. Primary chick embryo cells (6 x io 7) were maintained in suspension in IO ml agar (Noble)/medium (Cooper, t955) Viruses. The viruses used are listed below. Virus seed was prepared as Io % (w/v) infected suckling mouse brain in borate-buffered saline pH 9"o containing o.75 % bovine albumin (Armour Fraction 5), penicillin and streptomycin. In the cell culture studies viruses and sera were diluted in Earle's saline minus glucose with added galactose (o'o5 %), tryptic meat broth (5 % v/v), yeast extract (o.I %), 0"5 N-NaOH (z ml/l), penicillin, streptomycin and foetal bovine serum (5 %). For studies in mice, viruses and sera were diluted in the boratebuffered saline already described. Titration of virus infectivity. Samples of o-2 ml of serial tenfold dilutions of virus were adsorbed onto cell monolayers for I h at 37 °C (Dulbecco, I952) ; there was no adsorption period for the agar suspensions of chick embryo fibroblasts (Bradish & Allner, I966 ). An intracerebral inoculum of o-oi ml was used per suckling mouse and o'o3 ml/adult mouse.
Neutralizing activity of antisera. All sera were heated for 3o rain at 56 °C and diluted I'5 before being incubated for I h at 37 °C with an equal volume of the appropriate virus dilution. The virus serum mixtures were adsorbed onto monolayers for I h at 37 °C and also inoculated into mice. For Germiston, Pongola, O'nyong-nyong and West Nile virus the In cell cultures, sera were considered positive if they reduced the plaque count by 8o %. In mice, each serum was scored as significantly positive or negative at the 1% level by the method of Smith & Westgarth (I957) .
Overlays. Noble agar (Difco Laboratories) was used for monolayers and suspended cells at o'75 % with added DEAE-dextran (Ioo #g/ml), penicillin and streptomycin. Monolayers of HeLa, L, LLC-MK2, PS-C~, Vero, MA-Io4, MA-III, MA-I34 and chick embryo cells were overlaid with 5 % foetal bovine serum, 5 % tryptose phosphate broth in I99 medium. Calf serum at 5 % in I99 medium was used for suspended chick embryo cells and 5 ~o ox serum in Eagle's medium for monolayers of BHK cells.
RESULTS

Titration of viruses
The results of the virus titrations are presented in Table 2 for alphaviruses, Table 3 for  flaviviruses and Table 4 for Bunyamwera, Bwamba and ungrouped viruses. Infectivities are quoted as log (p.f.u./ml) or log (LDs0/ml).
Suckling mice were susceptible to all viruses tested and were more sensitive than adult mice: the present strains of Middelburg, O'nyong-nyong and Sindbis viruses failed to kill adult mice.
In vitro some viruses, for example, Pongola, O'nyong-nyong, gave similar infectivities in all the cell lines tested while others (Ilesha and Yellow Fever viruses) showed considerable differences of infectivity between the cell lines. In choosing an in vitro system, in addition to the efficiency of infection or infectivity, factors such as length of incubation period and clarity of the plaques are important practical considerations. Ntaya virus did not produce plaques in any of the cell cultures tested and Dengue i virus plaqued poorly and in only one system; mice would be the method of choice for titrating these viruses. Zika virus in LLC-MK2 shows higher infectivity than in mice.
If the cell lines are given a rating according to the number of viruses which produced plaques they can be scored out of a possible 2o, in order of usefulness, as follows: Vero, 18 viruses; LLC-MK2, I7 viruses; PS-C1, I3 viruses; MA-Io4, Iz viruses; BHK, Io viruses; MA-III, IO viruses; CE (monolayer), 6 viruses; L cells, 5 viruses; CE (suspension), 4 viruses; HeLa, 4 viruses; MA-I34 (not fully tested), 2 viruses.
The number of cell lines in which each virus produced plaques, out of the eleven tested, is listed below. Chick embryo cells in monolayer and suspension are rated as two systems because of their different sensitivities. Table 3 .
Comparison of virus growth
Comparison of virus growth in vitro
and in vivo for flaviviruses Absence of plaques does not necessarily mean that no virus growth has occurred. It is quite possible that, under different experimental conditions, other strains of the viruses used might produce plaques.
Comparison of virus growth
Comparison of arboviruses in cells and mice
I29
Neutralization tests
The results are summarized in Table 5 . The figures obtained were treated by statistical analysis using 2 x 2 contingency tables (Fisher, ~946). If results from cell culture and mouse systems are compared with HI results, only one virus (Pongola) shows a significant difference.
When the total number of positive sera in cell culture and in mice are compared for each virus there are no significant differences between the two test systems. But the number of sera not in agreement by the two tests show a significant difference for Germiston virus and Pongola virus. The other three viruses show no significant differences between neutralization tests in mice and cell culture (West Nile, O'nyong-nyong and Wesselsbron).
DISCUSSION
For many years the mouse has been, and still is, extensively used as an assay system for a wide range of arboviruses. The use of the cell culture system as a practical alternative has been clearly demonstrated by a number of authors -for example, Henderson & Taylor, I96o; Porterfield, t96o; Buckley, I964; Karabatsos & Buckley, I967; David-West, I972.
We have compared parallel titrations of 2o arboviruses, mainly isolated in Africa, in I I different cell lines, in suckling and in adult mice. The results reported showed that suckling mice gave satisfactory response with all 2o viruses. Adult mice were on the whole less sensitive and some viruses (Middelburg, O'nyong-nyong, Sindbis, Zika and Nyando) either failed to kill or produced an irregular death pattern. This lack of deaths may not mean that the mice were not sensitive to infection. Further tests of status in protection would be required to determine the actual efficiency of infection. In vitro, some viruses showed a similar sensitivity in all I I cell systems, while others showed large differences. Some titrations in cell culture were at least as sensitive as those in suckling mice, e.g. Zika. The titration tables are useful indicators of the generally most sensitive systems of those tested; the characterization of these arboviruses on I ~ cell systems may help to identify an unknown virus through its incubation period and ability to produce plaques in particular cell systems. Recent primary isolations from mosquitoes of Ilesha, Germiston, Pongola and Sindbis viruses have behaved generally as shown in these tests.
Selective cell systems could be helpful in separating closely related viruses, e.g. the Pongola/Bwamba virus complex using monolayers of BHK and PS-C1 cells. The apparent ability of one (Pongola) but not the other (Bwamba) to produce plaques might be useful in distinguishing them. This approach could also be useful with Chikungunya and O'nyongnyong viruses.
The results of parallel in vivo and in vitro neutralization tests with five viruses showed good agreement with three of them (O'nyong-nyong, West Nile and Wesselsbron viruses). For these viruses, cell culture would provide an economical and time-saving alternative to mice. For Germiston virus the cell system showed seven antibody positive sera which were negative in mice. For Pongola virus further comparative studies are needed to explain the disagreement between the two systems.
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